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PMTs we have tested PMTs we have tested 

DW Type (x 2):  DW 142, DW139
9116WA-10001, 9136-WA-10005

Latest 9: 9116WA-117, 118, 140, 141,
10005, 10006, 10008, 10015, 10014

xc3350, xc3344, xc3348, xc3352
Latest 5: xc3354, xc3353, xc5551, zl7016, 

zl7018
10 stage: zl5043 

xp040, xp028
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The beginning: QE of 3 PMTs (2 
Hamamatsu + 1 ET) before and after 

coating with milky layer

Before
coating

After
coating
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•• Tubes/batches show Tubes/batches show 
different behaviour different behaviour 

•• With increasing peak QE With increasing peak QE 
the curves move to thethe curves move to the
“left” and show lower QE “left” and show lower QE 
at higher at higher λ.λ.
•• => the photo cathode => the photo cathode 

thickness is reduced. thickness is reduced. 
•• => Higher interference=> Higher interference
efficiency (QE) at shorter efficiency (QE) at shorter λ.λ.

High QE progress of ET
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QE of recent Hamamatsu PMTs

Bare PMTs, 
no coating 
is applied
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QE of ET, Hamamatsu and
Photonis PMTs

3 groups of PMTs. 

Photonis PMTs
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Average representative PMT
• We tested a relatively high representative number of 

PMTs from both ET and Hamamatsu. 

• Beacuse of varying experimental production character 
many single PMTs show QE curves that largely differ in 
spectral behavior, so it is not conclusive.

• In the following we present the average character of 
PMTs. Averaging is done by calculating the arithmetical 
mean in small spectral bins of 10-20 nm.  
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Averaged representative curves of 
tested PMTs from ET & Hamamatsu

H - stands for 
Hamamatsu

ET - for Electron 
Tubes

bc - before coating
ac - after coating

Uncoated  Hamamatsu 
(H-bc-mean) is quite 
comparable with coated 
ET (ET-ac-mean)
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LONS & Cherenkov photons
Pratik provided 
simulations of 
Cherenkov 
photons from air 
Showers of 50 GeV 
from zenith angles 
10°, 20°, 30° & 40°.
We agreed to chose 
30° as a 
representative 
for calculations. 

LONS curve I have 
calculated from the
LONS measurements 
made at La Palma by
the ING group 
(Chris Ben, et. al.,)
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Average QE folded with Cherenkov 
spectrum and with LONS

18.4
(+ 23.5 %)

14.919
(+ 10 %)

17.3Hama
matsu

14.3
(+ 26.5 %)

11.317.2
(+ 16 %)

14.8Electron
Tubes

After coating 
fold with 
LONS

Before coating 
fold with 
LONS

After coating, 
fold with 
Cherenkov

Before coating,
fold with 
Cherenkov

PMT type 
& 
<QE>, %
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ll

Single ph.e. Spectra: ET

DW 139 DW 142 ET 117

ET 10015 ET 10001
ET 141

p/v=3
p/v=3

p/v=4 p/v=3
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xc-3353 zl-7016 xc-3351

xc-3354 zl-7018 xc-3352

Single ph.e. Spectra: Hamamatsu 

p/v=3 p/v=6

p/v=3p/v=2.8
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Afterpulsing setup
• Use pulse-generator to drive Laser. (10KHz) 
• Use ET base. 
• Time window for expected event : 5 µs.
• Measured by 2 GSample/s FADC.
• Illuminate with high/low light intensity.  
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Software Algorithm 
• Find main pulses  using the fixed time window method.  
• Exclude main pulses, then calculate the pedestal and the 

pedestal RMS. Reject ADC counts larger than 3 sigma of 
pedestal RMS. Do one more iteration of calculation.  

• Set small threshold on pulse height. Take data which are 
larger than (pedestal + threshold) as afterpulses. Find 
pulse maximum within 3 ns. Once find the maximum 
point, calculate the pulse area within +-1.5 ns (length of 
pulse ~ 3 ns). 

• Apply cut on the pulse area. 
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Cut ≥ 2 ph.e.

Time Spectrum of Afterpulses 

Assume the electric field 
between cathode and 1st 
dynode is E 

q*E = m*a   a = q*E/m 

H+

t  ~  √(m/q)

H+ : H2+ : He2+: He+: 
O2+:O+:HO+

= (1):(1.4):(1.4):(2):(2.8): (4) : 
(4.12)

S = 0.5*a*t²; t² = 2*S/a

t = √ 2*S*m/(q*E)

He+

O+

The time between the 
main pulse and the 
afterpulse is ~ to the 
transit time of the ion 
from the 1st dynode to 
the cathode. 
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Low light intensity 

High light intensity

Ph.e. 

Afterpulse rate %

Hamamatsu 3351 Hamamatsu 7016

Afterpulse rate %

Ph.e. 

Afterpulse rate = N_afterpulse / {N_main-pulses x M _ph.e./pulse}
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AfterPulse rate %

Ph.e. 

ET-10006

Low light 

High light

ET-10014

AfterPulse rate %

Ph.e.

Afterpulsing
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AfterPulse rate %

ET-10015

Low light 

High light

Hamamatsu 3354

AfterPulse rate %

Ph.e. Ph.e.

Afterpulsing
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Ageing, pulse shape and timing

Total charge, C

H-xc-3348

H-xc-3344

ET-2325

ET-10001

•The PMTs were run for a total 
of 10150 minutes (7 days), 
under the constant Illumination
that induced an initial anode 
current of 150 µA. 

•Illumination changes (stability)
are taken into account by using
a monitoring PIN diode.
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Ham.- 7016

Single ph.e.

Ham.- 3353

Single ph.e.

Ham.- 3354

Single ph.e.

Ham.-3353

~ 10 ph.e.
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ET-10008

Single ph.e.

ET-10015

Single ph.e.

ET-10014

Single ph.e.

ET-10014

~ 10 ph.e. 
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Transit time spread (TTS) 

ET-10008

Single ph.e.

Ham.-3353

Single ph.e.

An ultra-fast oscillograph (1.5 GHz bandwidth), followed by a 2 GHz 
bandwidth amplifier (gain x 100) is used in pulse persistence mode; many 
pulses are overlayed on top of each other. The „thickness“ of the rising 
edge is < 400 ps for both types of PMTs.
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Offer : 222.-EUR/PMT
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Back Up Slides
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Photoelectron collection efficiency. 

Hamamatsu 3351

Electron Tubes 10015

1100V 
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Electron Tubes 10015

Sigma                      27.69                                61.62      

Total area             110072                                   196922 

Mean                       66.26                                147.507   

# of entry                 1611                                 1335

Electron Tubes 10015

1100V 
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1200 V                       ET10015                            HAMAMATSU 3351 

Sigma                      44.08                                81.49  

Total Area            184254                                    305948

Mean                       89.96                                182.54 

# of Entry                 2048                                 1676

1400 V                       ET10015                            HAMAMATSU 3351 

Sigma                         84.85                             154.11 

Total Area               371668                                446003

Mean                       165.923                              315.19

# of Entry                    2240                              1815    


